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Efficiency in the utilisation of the available feed resources 
is an important prerequisite for maximising animal production. 
The approach is justified in the Asian region, by variable feed 
supplies, inefficient feeding systems, low per animal performance 
and sizeable animal populations. The latter includes in terms of 
total world population, approximately 97% buffaloes, 81% ducks, 
48% qoats, 47% pigs, 33% cattle, 32% chickens and 18% sheep. The 
productivity of non-ruminants (piqs and poultry) has been 
particularly outstanding, but by comparison, ruminants 
(buffaloes, cattle, goats and sheep) have been less successful. 
The latter has resulted in problems concerned with access to 
food, national targets for animal proteins not being met, and 
doubts about the efficiency of existing animal production 
systems. Since dietary protein represents the principal 
limiting factor to high performance, conservation and economic 
use of indigenous protein sources is essential. Potential 
possibilities for increasing current productivity from animals 
are discussed in the context of the attributes of individual 
animal species, characteristics in the available feeds, inherent 
limitations, innovative feeding systems to support all year round 
feeding, and measures to overcome prevailinq constraints. These 
strategies together provide for improved efficiency in the 
utilisation of the available feed resources, and increased future 
productivity from animals. 
3 
Maximisinq food production in the developing countries assumes, 
in concept, that all domestic animals of value to man will be 
fuly exploited. This concept is consistent with the search for 
efficiency in the utilisation of the available resources, notably 
feeds and animals, and the need for self-reliance. In comparison 
to crops, the position regarding animals, and particularly 
ruminants, is of concern. This is because the latter has 
failed to keep pace with the requirements of about 2.8% per annum 
growth rate in human population in the developing countries. The 
situation is such that national tarqets for animal proteins are 
far from beinq realised relative to the contribution by crops, 
which in turn has raised doubts about the efficiency of existing 
animal production systems, and the utilisation of the available 
resources for food production. This implies that in situations 
where economic use of land is the main thrust in agriculture and 
animal proteins constitute a very important objective of food 
production, the role of animals and priorities for their economic 
use, need to be reexamined in the context of the opportunities 
for increasing the overall contribution from them. 
The structure of the animal industries in the developinq 
countries, definition of production objectives, the prevailinq 
production systems and in particular, the efficiency of 
utilisation of the available feed resources are therefore 
important considerations. Both larqe scale, intensive, and small 
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farm systems need to be considered relative to the choice and 
appropriateness of species, consumer preferences and demand, and 
realistic production targets. The reference to small farm 
systems is especially important because they constitute the pivot 
of traditional agriculture, involving many million hectares of 
land under crops, millions of farm animals and several millions 
of peasants, landless labourers and tenant farmers (1). These 
systems which combine animals and mixed cropping are a dominant 
feature of the agriculture of the developing countries except in 
Latin America and the Near East. Between regions, Asia has the 
largest land area under arable and permanent crops, within which 
there is a preponderance of small farms. It is also noteworthy 
that in Asia, more than 90% of the total population of buffaloes, 
cattle, goats and sheep and smaller populations of chickens, 
ducks and pigs are owned by small farmers, emphasising that the 
animals represent important resources within the small farm 
operations. 
An important aspect of maximising productivity from animals 
to include both ruminants (buffaloes, cattle, goats and sheep) 
and non-ruminants (chickens, ducks and pigs) concerns efficiency 
in the utilisation of the available feed resources (concentrates, 
forages, crop residues, agro-industrial by-products and 
non-conventional feeds) in appropriate and economic feeding 
systems. The utilisation of these feeds is generally inefficient 
presently and is reflected in low per animal performance, 
relatively lower contribution from especially the ruminants, and 
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inefficient feeding systems. 
This paper is concerned with current trends, scope for 
improved efficiency in feed resource utilisation, the role of 
animals, and more particularly, strategies that are potentially 
valuable for increasing productivity from animals with specific 
reference to Asia. 
ANIMAL POPULATIONS IN ASIA 
The Asian region has a large variety of animal populations of 
economic importance. The magnitude of these is reflected in 
Table 1. Notable among these, in terms of percentage of the 
total world population are, 97% buffaloes, 81% ducks, 48% goats, 
47% pigs, 33% cattle, 32% chickens, and 18% sheep. In addition 
to these, there also exist sizeable populations of camels, 
horses, donkeys and mules, which make very valuable contributions 
in developing countries (3). 
It is pertinent to draw attention to the fact that the 
ruminants (buffaloes, cattle, goats and sheep) are numerically 
more important than non-ruminants and are generally also widely 
reared. Both species are however, widely owned by small farmers, 
landless peasants and agricultural labourers. They are renewable 
resources and have varied functions from food production (meat, 
eggs and milk) to various miscellaneous benefits such as 
security, drauqht power, fertiliser (dung and urine), fuel, 





















































































































































































































































































































Over the period 1977-1987, the annual growth rate of 
individual animal population suggest that among ruminants, the 
goat and buffalo populations grew the fastest, followed by cattle 
and sheep. Among non-ruminants, chickens grew at a very rapid 
rate, followed by the duck population. 
Between ruminants and non-ruminants, pigs and poultry 
constitute advanced animal industries in many countries in 
Asia. The main reasons for this are associated with the 
availability and successful transfer of proven technology from 
industrialised countries mainly in temperate regions, support by 
large private feed mills, the ease of importing feedstuffs, a 
large and ready market for the products, credit facilities and 
the rapid turnover of capital investment. In most countries, the 
two industries have already assumed industrial proportions and 
are usually found in urban-fringe areas which can absorb the 
growing domestic market outlets for the products. 
Table 2 presents data on food production from animals. The 
contribution by each species is expressed on percentage of total 
world output, including the annual rate of growth of the products 
between 1977-1987. The table indicates that the rate of growth 
of the non-ruminant sector was distinctly higher than that of 
ruminants, and probably reflects the' higher market demand for 
these products. Meat and milk production from buffaloes 



























































































































































































































































































































































































































































VALUE TO MAN 
Table 3 summarises the value of each species to man. All species 
have primary, secondary and miscellaneous identifiable functions 
which need to be kept in perspective. Among ruminants, water 
buffaloes, cattle, goats and sheep are valued for meat and milk 
production. Goats are also useful for fibre (mohair and pashmina 
[cashmere]) and sheep for wool. Chickens and ducks are important 
for either meat or egg production or both, whereas pigs are only 
useful for meat. In all cases, several miscellaneous functions 
exist, and include value in recreation and culture. 
THE FEED RESOURCES 
For purposes of this meeting, with its specific focus on 
vegetable proteins, four categories of feed resources are 
identifiable : concentrates, crop residues, agro-industrial 
by-products and non-conventional feed resources (NFCR). These 
can, for convenience, be grouped into three categories : 
(i) energy rich feeds from bananas, citrus fruits, pineapple, 
sugarcane and root crops (eq. banana waste and molasses). 
(ii) protein supplements such as oilseed cakes and meals, animal 
by-products, by-products from the food industries and 
fi shmeal s (eg. coconut cake and feather meal). 
(iii)by-products from cereal milling and palm oil refining 
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PRIORITIES FOR FEED RESOURCE USE 
Table 4 summarises the priorities for using AIBP and NCFR in Asia 
according to their potential value and importance especially to 
individual species of animals. It categorises the broad types of 
feeds, their essential characteristics and the main species which 
currently utilise them. 
Priorities for the utilisation of the available feeds are 
essential to ensure efficiency, expanded use of the available 
feeds, reduced reliance on imported feeds, spiralling feed costs, 
excess capcity and inadequate use especially, of the more 
important NCFR. Such priorites are consistent, as well as ensure 
the well known fact that the dairy cow has the highest efficiency 
of conversion of feed protein to food protein, followed by 
poultry and egg producing birds, pigs and ruminants producing 
meat. Concerning feed energy, pigs come first, followed by dairy 
cattle, poultry and meat producing ruminants. Table 5 
demonstrates typical data concerning various species. 
FEED BALANCE SHEETS 
Feed balance sheets provide an important means to assess adequacy 
or the extent of inadequacy concerning the nutrition of the 
animal resources. More particularly, they enable the development 
of two alternative strategies. One concerns measures,to increase 
feed production, their availability and the development of 
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alternative strategy is to expand animal production commensurate 
with excess, under-utilised feeds, and issues of conservation and 
feed security. These contrasting situations are exemplified by 
India and Pakistan in the first category, and Malaysia in the 
alternative situation. It is therefore appropriate to briefly 
discuss these country comparisons. 
Table 6 summarises the situation in India in 1984. The feed 
deficits in terms of metabolisable energy (ME) and 
digestible crude protein (DCP) for the animal resources were 
about 32% and 54% respectively. 
Table 7 provides a trend in the feed balance situation in 
India, between 1870 and 1984. Two major conclusions are 
apparent. Firstly, feed deficits and the malady of under- 
nutrition was a continuing problem. Secondly, there has been a 
trend towards a reduced feed deficit despite increased animal 
population over the 14 years. The trend towards reduced deficits 
is probably reflective of improved feeding systems, more 
efficient use of the available feeds and increasingly intensive 
systems of production. Whether in terms of scale and magnitude, 
these approaches are adequate, and can be further improved is a 
matter of debate. 
Table 8 illustrates a parallel situation in Pakistan also 
for the year 1984. The deficits in terms of total digestible 
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By comparison, Table 9 presents an alternative situation in 
Malaysia where it has been estimated that land under native and 
cultivated qrasses contributed a total annual dry matter (DM) 
production of about 3838 X 103 tonnes, and from roughage 
by-products 2935 X 103 tonnes, givinq a total of 6,773 tonnes. 
This was in excess of the estimated total requirements by 
ruminants of 1,580 tonnes (11). 
IMPORTED FEEDS 
Associated with feed balance sheets is that of dependence on 
import of feeds, notably animal proteins and mineral-vitamin 
supplements, especially for intensive poultry and pig 
production. The principal protein supplement is soyabean meal. 
Over the last two decades, production has been increasing and 
associated with this, exports as well. The meal also accounts 
for approximately 75% of the total world trade of oilcakes and 
meals. Cottonseed cake and fish meal are the next two most 
important protein feeds, but the rate of production of these do 
not compare with that of soyabean production. Recently, the 
effects of drought and dependence on soyabean meal utilisation 
have resulted in a significant rise in the cost of the meal, 
which has necessitated more judicious use of the protein source 
in feeding systems especially for non-ruminants. 
The magnitude of these imports is variable between 
countries, and is significantly influenced by government policy 
and financial considerations. These countries can be grouped 



































































































































































































































































which have controlled imports of feeds to sustain components of 
the animal industries. Examples in this group are Pakistan, 
India, Thailand, Philippines and Indonesia. The other group 
represents those who have the capacity to liberally export to 
meet animal feed requirements, notwithstanding the availability 
of considerable supplies of indigenous feeds. These include 
countries such as Singapore and Malaysia. 
There is no doubt that soyabean meal and fish meal will 
continue to dominate efficient feeding systems, associated 
with use of superior qenetic stock, sophisticated management 
systems and improvements in the environment especially for 
non-ruminants and ruminants. These factors together have 
resulted in significant improvements to feed efficiency over the 
past four decades. Table 10 reports these improvements which are 
reflective of typical performance in several countries in the 
Asian region. Further improvements in feed efficiency are 
feasible, but these are likely to be small. 
Preformed proteins are especially important to both 
non-ruminants in ruminants since they are often the main limiting 
factor in the diet, efficiency of feed utilisation and level of 
performance. With ruminants, a small amount of protein has a 
catalytic effect on rumen metabolism, manisfesti nq in a 
significant effect on intake and efficiency of feed utilisation 
(10, 11). The implication of this result is that protein 
resources within individual countries need to be conserved and 
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protein meals and imports of milk products. The significance of 
this is reflected in their use in iactatina cattle for example, 
fed on low quality cereal straw diets supplemented with 100-500 
q/day/cow of proteins. It has been calculated, that this 
strategy and the potential availability of say 20,000 mt of 
proteins fed catalytically in any country would stimulate the 
additional production of 80 million litres of milk annually (13). 
Impinging on the controlled utilisation of imported feeds, 
notably maize, soyabean meal, mineral-vitamin supplements, and 
various problems associated with these, are the rising costs 
related to their use. Future approaches are thus likely to 
address and investigate more thoroughly, those factors that can 
effectively reduce the cost of feeding with no loss in 
performance. Judicious and controlled use of imported feeds, are 
thus likely to be coupled with more intensive use of such other 
protein feeds as cereal brans, coconut meal and cowpea seed meal. 
NON-CONVENTIONAL FEEDS 
Notable in this connection is greater attention to the use of 
indigenous feedstuffs, including non-conventional feeds produced 
in Asia. Table 11 indicates the magnitude of the contribution 
from the latter category, much of which is under-utilised. Tabl e 
12 gives examples of the utilisation of five types of non- 
conventional feeds, with an indication of optimum dietary levels 
for feedinq non-ruminants and ruminants. Table 13 gives a 
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by poultry, which was used to partially replace soyabean meal. 
The results indicated that 1 ayi ng hens can be fed with up to 
33.0% rice bran with no loss in performance on low energy diets 
(10.1 MJ/kq) with a minimum dietary protein level of 15%. 
The utilisation of various by-products and NCFR are not 
without problems of collection, transportation, storage, 
processing considerations, and also deleterious principles which 
affect animal performance. Table 14 provides a summary of 
various types of toxic substances in individual feeds. The list 
is not exhaustive but provides information on the type of toxic 
principle and approximate contents. With some of these, such as 
HCN in cassava, methods are now available to detoxify the 
substance to render the feed more useful. More information is 
required on these toxic principles, and in particular, methods to 
reduce the deleterious effects on animals. 
INTENSIFYING FEED RESOURCE UTILISATION 
Two important preregui sites for intensifying the efficiency of 
feed resource utilisation in the future concerns identification 
of their value in terms of priorites (Table 14), and more 
particularly wider efforts to include them in intensive feeding 
systems (32, 33, 4, 13, 34). These considerations also 
necessitate their definition into two categories as follows 
Primary feedstuffs : ingredients that form the main base in a 
feeding system. These constitute about 


































































































































































































































































































































































































































































Secondary feedstuffs : minor ingredients that are supplements in 
the diet. These constitute up to 20-30% 
in the diet. 
Table 15 sets out examples of the more important AIBP and 
NCFR which merit particular attention, and whose efficient 
utilisation are likely to make a significant impact on the low 
level of animal performance prevailing in most countries. 
Associated with the utilisation of these feed ingredients is the 
wider utilisation of a variety of protei naceous forages whose 
potential value has been emphasised (35, 36). 
Both ruminants and non-ruminants are involved, and 
innovative feeding systems that can include these feeds in 
suitable proportions for all year round feeding systems, can go a 
long way to increase the current contribution, and future 
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